Objective: Avascular necrosis of femoral head and nonunion is a major complication after the treatment of displaced femoral neck fracture in young adults. The purpose of this study was to introduce a new technique using biodegradable magnesium screws and vascularised iliac grafting for displaced femoral neck fracture in young adults.
Background
Avascular necrosis (AVN) of femoral head and nonunion is a major complication after the treatment of the displaced fracture of femoral neck in young adults [1] [2] [3] . The incidence of AVN is reported to be 6-42 %, and the incidence of nonunion is in the range of 0-45 % (average age of 38 years old, and the age range of 22-50 years old) [4] [5] [6] [7] . LeCroy [7] and Anand [5] have also demonstrated that the integrity of blood supply is a key factor for the treatment of femoral neck fracture. Previous literatures have reported vascularised pedicle grafts, using either iliac crest or fibula, with the union rate of 91-100 % [8] [9] [10] . In a previous study, a vascularised iliac crest bone graft based on the ascending branch of lateral femoral circumflex artery is straight forward to application with little donor site damage and few complications [11] [12] [13] . We have reported two cannulated compression screws for internal fixation and iliac graft based on the ascending branch of lateral femoral circumflex artery. This technique is an effective form for the treatment of patients with displaced fracture of femoral neck at the age less than 45 years old [14, 15] . However, we have been confused how fixed vascularised iliac grafting. Magnesium has the potential to be used as degradable metallic biomaterial. For magnesium and its alloys used as biodegradable implant materials, their degradation rates should be consistent with the healing rate of the affected tissue, and the release of the degraded products should be within the acceptable absorption level in human body [16, 17] . During bone implants, magnesium is also one of the most important bivalent ions in the formation of biological apatites. In addition to magnesium being biocompatible and essential to human metabolism, it has further advantages over other implant materials [18] [19] [20] . Then, we designed biodegradable magnesium screws for the fixation of vascularized iliac grafting during the treatment of displaced fracture of femoral neck in young adults.
Methods

Patients
Between April 2012 and September 2013, 19 patients were enrolled for this study and underwent the implantation of biodegradable magnesium screws combined with vascularized iliac grafting for displaced fracture of femoral neck, Garden grades III (n = 12) and IV (n = 7). Our inclusion criteria were the displaced fracture of femoral neck, and the patients with other associated injuries such as femoral shaft fracture were excluded. Patients included 11 male and 8 female with an average age of 35.5 years old (range: 22-45 years old) at the time of surgery. The average duration between presentation and surgery was 14.8 h (duration range: 2-48 h). The biodegradable magnesium screws were made of pure magnesium, and had a 4-mm-diameter Cancellous bone screw thread in distal, and a threaded section designed to engage the lateral cor-tex of the femur in proximal.
Ethical approval
This study was approved by the ethics committee of the Affiliated Zhongshan Hospital of Dalian University, and monitored by an independent trial center. All patients participating this study were proved with voluntary written informed consent.
Surgical technique
The surgical technique has been previously described [14, 15] . A double-curved incision with 12 cm in length was made along the line connecting the anterior superior iliac spine (ASIS) and the lateral margin of the patella, with the proximal end of the incision running along the iliac crest and extending 4 cm beyond the ASIS. Briefly, two cannulated compression screws were inserted with one positioned superiorly in femoral head and the other inferiorly in the head passing just above the calcar, in order to retain sufficient space for the pedicled graft. The sartorius and the origin of rectus femoris were then partially released and the tensor fascia lata was retracted to expose the ascending branch of the lateral circumflex femoral artery. The separation was extended proximally towards the iliac crest to the origin of the tensor. Part of the iliac crest, approximately 5 cm in length and 3 cm in width, was then exposed laterally from the ASIS with a vascular pedicle long enough to enable rotation of the graft to femoral neck. The anterolateral capsule of femoral head and neck was incised in a T-shape, avoiding the inferior part of the femoral neck in order to protect the basilar section of the arterial ring. An osteotome was used to create a supero-lateral cortical window of approximately 2 cm × 2 cm, at the femoral head-neck junction. The previously harvested vascularised bone graft was impacted into the femoral neck. During insertion, we took care not to compress the soft-tissue cuff containing the vessels to the bone graft. Vascularized iliac grafting was fixed by biodegradable magnesium screws ( Figs. 1 and 2 ). Skin traction was applied post-operatively to the leg to maintain the hip in 30°abduction in a neutral position for three weeks. The patients received prophylactic antibiotics including traction for two weeks and cephalosporins for 24 h and non-steroidal anti-inflammatory medication was used for post-operative analgesia. Active exercise for the quadriceps should be initiated after 24 h of the operation. Patients could undertake active abduction/adduction exercise of the hip with 20-30 repetitions and three times each day. Non-weight bearing mobilisation proceeded as comfort permitted and toe-touch weight-bearing started three weeks after the operation. Two crutches were exchanged for 12 months after the operation depending on the radiological findings, which was examined by highly qualified radiologists.
Patients were reviewed clinically and radiologically at 3-12 months after operation. The completion of the Harris hip score (HHS) was conducted at 3, 6 and 12 months. CT was undertaken at 12 months follow-up examination (Figs. 3, 4 and 5 ).
Evaluation standard
HHS was identified as an evaluation standard and the HHS higher than 90 was defined as the excellent results, HHS in the range of 80-90 as the fair results, and HHS less than 80 as the poor results. Therefore, the rates of excellent and good results were set up as HHS more than 80.
Statistical analysis
Multiple testing was conducted and bonferroni correction was used; P < 0.0125 was considered as significant value.
Results
All patients were involved the follow-up examination with the average treatment duration of 14 months (range: 8-16 moths). Clinical and radiological outcomes were evaluated. Totally 18 hips (94.7 %), the union was achieved at an average duration of 4.1 months (3.6-5 months). The nonunion was observed in 1 hip (5.3 %) and subjected to the revision to a hip replacement after twelve months of operation. According to HHS, 17 hips revealed the satisfactory union with excellent results in 14 cases (HHS ≥ 90), fair results in 3 cases (HHS: 80-90), and poor result in 1 case (HHS < 80). The rates of excellent and good results were up to 94.4 %. No patient had avascular necrosis of femoral head after operation. At final follow-up examination, the average HHS was 93.5 (range: 69-100). The average length of the limb was shortened by 1.1 cm (range: 0-2.4 cm). Statistically significant difference was observed in all outcomes when compared with the previous reports (p < 0.05) ( Table 1 ). One patient with the age of 45 years old at one-year follow-up examination was defined as a neckshaft angle of < 120°. All patients had satisfactory function Multiple testing was conducted and bonferroni correction was used; P < 0.0125 was considered as significant value. a means statistically significant without intra-operative complications although one patient had unilateral femoral vein thrombosis after surgery.
Discussion
A meta-analysis of 106 reports on femoral neck fractures [22] revealed that the nonunion rate was 33 % and the rate of avascular necrosis was 16 % after internal fixation of displaced femoral neck fractures. Furthermore, the rate of secondary procedures for this population was 20-36 %. Clearly, bony union after osteosynthesis presents a clinical challange [16] [17] [18] [19] . In the present study, the effectiveness of avoiding avascular necrosis of femoral head and nonunion using fixation with biodegradable magnesium screws and vascularised iliac grafting for femoral neck fractures in young adults has been explored. The rates of excellent and good results are much higher than previous reports [21, [23] [24] [25] [26] . This is a great advantage for the stability of vascularised iliac grafting and femoral neck fractures. The implantation of pure magnesium screws for orthopaedic procedures allows for sufficient time for bone healing and also promotes the grwoth of new bone. The growth of a large number of new bones around magnesium screws is observed although the nonunion in 1 hip is observed and the revision to a hip replacement after twelve months of operation is conducted. In contrast, as the defects of this study, the follow-up examination is relatively short. we will continue to complete the longer follow-up examination. MRI is sensitive examination, but magnesium screws could result in the influence of the results. Therefore, MRI could not be a routine examination. In fact, magnesium is actually present in large amounts in human body, and it is involved in many metabolic reactions and physiological mechanisms. Human body usually contains 35 g magnesium per 70 kg body weight, and the recommended daily intake of magnesium is 300-400 mg/day [27] . In our study, the measured level of magnesium is safe. In bone implants, magnesium is also one of the most important bivalent ions for the formation of biological apatites. In addition to magnesium as a biocompatible and essential element to human metabolism, it has further advantages over other implant materials, such as the similar density of magnesium (1.74 g/cm 3 ) as that of natural bone (1.75 g/ cm 3 ), high strength level up to 330 MPa as the alloy, and similar Young's Modulus E (45 GPa) to that of natural bone (40-57 GPa) [28] . The degradation rate and mechanical properties of the latest generation of biodegradable magnesium material are significantly improved. Meanwhile, the advantages of magnesium materials such as biocompatibility and promotion role in bone formation have been present. So it is possible for clinical application of degradable magnesium screws. The biodegradable magnesium screws that we chose have a series of advantages: I) Magnesium is one of the indispensable trace elements in human body, participates almost all of metabolic processes and has the function to promote the growth of bone; II) Magnesium has good biological compatibility, and can be automatically degraded in the body; III) Secondary surgery is avoided for the removal of biodegradable magnesium implants. Magnesium screws can be fully absorbed.
Conclusions
In summary, biodegradable magnesium screws and vascularized iliac grafting based on the ascending branch of lateral femoral circumflex artery for displaced femoral neck fracture in young adults provide satisfactory results with a low rate of complications including avascular necrosis and nonunion. 
